We report a case of male IgG4-related Mikulicz's disease with chronic rhinosinusitis with high serum IgG4-and IgE-Immune Complex (IC). Untreated serum IgG4 was 3,110 mg/dL, while Polyethylene Glycol (PEG)-treated serum IgG4-IC was 1,460mg/dL. Both were markedly elevated (normal IgG4 range <105 mg/dL). Serum IgE and PEG-treated serum IgE-IC was also elevated (normal IgE range <170 IU/mL) at 376 IU/mL and 237 IU/mL, respectively. IgE PEG Precipitated (PP) index was higher than normal (<20%) at 63%. We speculate that serum IgG4 and IgE represented autoantibodies for a component of the paranasal sinus mucosa and submandibular gland tissue. Citation: Ota Y, Fujiwara
Introduction
Mikulicz's Disease (MD) refers to bilateral and symmetrical swelling of the lacrimal, parotid, and submandibular glands and is based on histological similarities reported by Morgan et al. [1] , in 1953. Several recent reports from Japan have revealed that MD is associated with elevated serum IgG4 levels and prominent infiltration of IgG4-positive plasmacytes [2, 3] ; these findings have resulted in the recognition of MD as a singular systemic IgG4-related plasmacytic disease [4] . Although recent reports have documented cases of refractory Chronic Rhinosinusitis (CRS) accompanied by IgG4 infiltration (IgG4-CRS) [5] [6] [7] [8] , the mechanism underlying IgG4 infiltration in patients with CRS remains unknown.
We here in report a case of MD with CRS in which antigen-specific IgG4 and IgE antibodies were measured in serum samples using an AlaSTAT 3gAllergy assay (Siemens Healthcare Diagnostics AG, Erlangen, Germany). In this case, gel filtration and Polyethylene Glycol (PEG) precipitation were used to measure levels of immune complexes of IgG4 (IgG4-IC) and IgE (IgE-IC) in the patient's serum. We also discuss the role of IgG4 and IgE in MD with CRS.
Case Report
This case was a 42-year-old male patient who visited our hospital for swelling on both sides of the neck and severe bilateral nasal obstruction. Initial medical examination at our hospital revealed polyps in both nasal cavities. Computed Tomography (CT) of the paranasal sinuses and neck revealed bilateral sinusitis, lacrimal gland swelling and bilateral submandibular glands swelling (Figure 1 ). The patient has asthma and his white blood cell count and eosinophil proportion were 7180/μL and 16.5%, respectively.
Endonasal Sinus Surgery (ESS) and biopsy of the left side of his submandibular gland under local anesthesia was performed in November 2013. We diagnosed the patient with IgG4-related MD with CRS and referred him to an autoimmune disease specialist. Below, we detail the histopathological findings of the paranasal mucosa and submandibular gland in this case.
Histopathological findings
Most of the lymphocytes and plasma cells that had invaded the paranasal lamina propria, as well as the epithelial cells in the parasinus mucosa and the lymphocytes and plasma cells that had invaded the submandibular gland were strongly positive for anti-IgG4 antibody in this case. Vessels and fibrosis tissues were strongly positive for anti-IgG4 antibody. The ratio of IgG4-positive plasma cells to IgG-positive plasma cells was almost 100%. Some mast cells and some of the stroma in the paranasal lamina propria and submandibular gland were positive with anti-IgE antibody ( Figure 2 ).
Measurement of antigen-specific IgG4 and IgE antibodies in the serum
The levels of antigen-specific IgG4 and IgE antibodies in this case are shown in table 1. The sum of the antigen-specific IgG4 antibodies was much lower than the total serum IgG4 level and the same was true for IgE (Table 1 ). IgG4 and IgE measurement were done by the AlaStat 3gAllergy test.
Assessment of immune complexes in the serum
Using blood collected from the patient upon his 2013 admission, we used 4% PEG precipitation to measure the levels of circulating IgG4-IC and IgE-IC.
Each serum sample was centrifuged at 1000 × g at 4°C for 15 min. Synthetic PEG (Wako Pure Chemical Industries, Ltd.) with a mean molecular mass of 7,500 g/mol was dissolved in 0.01 M phosphate-buffered saline (pH 7.4) at a concentration of 4% (weight/ weight). From this stock, 0.1 mL of dissolved PEG was mixed with the serum sample and this mixture was centrifuged at 1000 × g at 4°C for 1 h. The precipitate was dissolved in 0.1 mL phosphate-buffered saline and the IgG4 levels in the precipitate and supernatant (serum) were measured using a paper radioimmunosorbent test. Similar measurements were also performed for IgE. The percentage of IgE in the precipitate vs. that in the serum was calculated and defined as the PEG Precipitated (PP) index.
The patient's level of IgG4 in the untreated serum was 3,110 mg/ dL, while the level of IgG4-IC in the PEG-treated serum was 1,460 mg/dL. These IgG4 values were markedly elevated (normal range <105 mg/dL. The patient's level of IgE in the serum was 376 IU/ mL, while the level of IgE-IC in the PEG-treated serum was 237 IU/ mL. These IgE values were also elevated (normal range <170 IU/ mL). The patient's IgE PP index was 63%, higher than the normal value (<20%).
We measured levels of IgG4, IgE, IgG4-IC and IgE-IC in the sera of two allergic sinusitis cases without MD as controls. Levels of IgG4 were 20.9 and 52.6 mg/dL and those of IgG4-IC were 5.5 and 7.2 mg/ dL. Levels of IgE were 1,880 and 1,960 IU/mL and those of IgE-IC were 160 and 122 IU/mL. The IgE PP indexes were 8.5% and 6.2% (Table 2 ). In IgE, PPI is defined, but in IgG4, IgG, PPI have not defined.
Discussion
The diagnostic criteria for IgG4-related MD are (i) Symmetrical swelling of at least two pairs of lachrymal, parotid, or submandibular glands for at least 3 months and (ii) Elevated serum IgG4 (>135 mg/dL) or (iii) Histopathological features including lymphocyte and IgG4 + plasma cell infiltration (IgG4 + plasma cells/IgG + plasma cells >50%) with typical tissue fibrosis or sclerosis [9] . This case fulfilled all three diagnostic criteria and thus a diagnosis of IgG4-related MD was made. The permeation of IgG4-positive cells was seen in the paranasal sinus mucosa of this case and thus the patient also had a Table 2 : Assessment of immune complexes in the serum.
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• diagnosis of IgG4-related CRS. These IgG4-positive cells in the paranasal lamina propria exhibited morphology similar to that of the plasma cells that produce IgG4 in the paranasal mucosa, as previously reported [1] [2] [3] [4] . Furthermore, some epithelial cells were stained by anti-IgG4 antibodies, suggesting the presence of some antigens specific for IgG4. Accordingly, we speculated that the IgG4 antibody synthesized by plasma cells was deposited in the epithelium in response to these antigens.
The IgE-positive cells found in the paranasal lamina propria exhibited morphology similar to that of mast cells. These IgE-positive cells may be related to eosinophil permeation in the paranasal sinus mucosa.
To analyze the nature of IgG4 and IgE production in our patient, we identified antigen-specific IgG4 and IgE antibodies in the serum and determined their levels, although the values were all extremely low despite high total serum IgG4 and IgE levels. Therefore, we speculate that the IgG4 and IgE antibodies detected in the serum from this case were nonspecific or specific for an unknown antigen.
We thought that the lesion with submandibular gland and the paranasal sinus mucosa was almost the same, because the pathology image resembles each other, for example. A large number of fibrosis tissues and the inflammatory cells appearing in both lesions.
In the present study, we used the PEG technique to assess serum immune complexes in this case. The patient's serum levels of IgG4 and IgE were higher than the normal values and his serum levels of IgG4-IC and IgE-IC were likewise higher than those of two control individuals. His IgE PP index was also high (normal PP index <20%). Thus, large amounts of IgG4-IC and IgE-IC are present in this patient's serum, which is not observed under general allergy or asthmatic conditions. We hypothesize that the IgG4 and IgE in the patient's serum were autoantibodies for a component of the paranasal sinus mucosa and submandibular gland tissue because (i) Some epithelial cells of the paranasal mucosa were stained by anti-IgG4 antibodies (ii) The levels of antigen-specific IgG4 and IgE antibodies in his serum were all extremely low despite high total serum IgG4 and IgE levels and (iii) Large amounts of IgG4-IC and IgE-IC exist the patient's serum. We therefore believe that these autoantibodies caused chronic inflammation of the paranasal sinus and submandibular gland in this case.
The IgE autoantibody may cause the protracted type I allergy. It is thought that the IgG4 autoantibody causes intractable inflammation, but the details are unclear.
